1. Introduction
===============

Spinal anesthesia (SA) is a standard technique for cesarean section ([@b1-epj-09-4419], [@b2-epj-09-4419]). Hypotension is defined by a systolic pressure drop by more than 20% of the baseline, or a pressure drop by more than 90 --100 mm/Hg. This complication presents an incident of 80--85% after SA in pregnant women ([@b3-epj-09-4419]). The hypotension is related to venous pooling secondary to progesterone-induced decrease in vascular tone, and is dangerous to mother, fetus, and newborn ([@b4-epj-09-4419]). The rigorousness of hypotension is dependent on the altitude of the block, the arrangement of the patient, the volume, and type of surgery. The procedures that decrease hypotension consist of volume loading, inotropic agents, prevention of aortocaval compression, and regular blood pressure monitoring. Early detection and management of hypotension can significantly reduce the risk to mother and fetus. Hypotension due to SA is caused by an increase in venous pooling as a consequence of parasympathetic over-activation, causing vasodilation in the lower part of the body. This situation is more severe in pregnant women, due to aortocaval compression. Under normal conditions, hypotension in pregnant women is compensated by increased cardiac output; however, after SA-induced sympathectomy, this compensation is attenuated or sometimes eliminated, and thus leads to a heart rate drop, followed by a cardiac output decline ([@b6-epj-09-4419]). Since uterine blood flow is pressure-dependent (due to the lack of a placental auto-regulation), prolonged maternal hypotension is harmful to the fetus (due to lower Apgar scores and fetal acidosis). It is also frequently associated with nausea and vomiting for the mother ([@b7-epj-09-4419]). As stated earlier, there are several methods for decreasing SA-induced hypotension, including the use of Sequential Compression Device (SCD). In this method, the pressure is intermittently put above the knee. According to previous studies, almost 125 cc of blood is moved in compression phase. Although there is no comparative study into the blood volume among pregnant and non-pregnant women, it is well known that there is a high blood volume in the lower extremities at term, which is further increased by SA through vasodilatation ([@b8-epj-09-4419]). Therefore, theoretically, the SCD method mobilizes more blood to the central \[active\] blood volume, and thus decreases hypotension in a more stable form; whereas, other methods are relatively short-term and temporary. Due to the limited amount of relevant research, this study intended to determine the effect of intermittent pneumatic compression of lower limbs on declining SA-induced hypotension during C-section.

2. Material and Methods
=======================

2.1. Trial design and participants
----------------------------------

This study was a randomized clinical trial that was conducted from December 21, 2015 to January 20, 2016 in a governmental educational hospital (Razi Hospital, Ahwaz, Iran).

2.2. Selection criteria
-----------------------

The inclusion criteria for participation in this study were: 1) non-laboring parturient, 2) anesthesiologist physical status I or II, 3) elective cesarean section, and 4) age between 18--45 years. The exclusion criteria included: 1) patients in whom spinal anesthesia was contraindicated, 2) emergency cesarean section, 3) multiple gestation, 4) pregnancy pathology, 5) heart diseases, 6) history of hypertension or pregnancy-induced hypertension, 7) body mass index (BMI) \>40, and 8) gestational diabetes.

2.3. Interventions
------------------

This double-blind clinical prospective study was conducted on 76 non-laboring parturient patients. After approval of the ethics committee of Ahvaz Jundishapur University of Medical Sciences and obtaining written informed consent, patients were divided in to treatment mechanical pump (Group M) or control group (Group C) with simple random sampling. The following variables were noted: body mass index, gestational age and medical history. In the operating room, all patients were situated at 15 degrees left lateral position and routine monitoring was applied for continuous monitoring. Baseline systolic, diastolic and mean arterial pressures (SAP, DBP and MAP) and heart rate (HR) were recorded and then pre-hydration with 10ml/kg lactated ringer solution was administrated. Two groups had appropriate sized sleeves applied to the lower limbs. Discontinuous compression started with a pressure of 50 mmHg in M group patients. Spinal anesthesia was performed in the sitting position using a 25 G Sprotte needle in the L3--4 or L4--5 interspace. All patients received 10 mg of bupivacaine 0.5%. Subsequently, the patients were positioned supine with a 15-degree left lateral angle. Five minutes after SA, the upper sensory level of anesthesia was measured. The arterial blood pressure was measured and recorded each minute until delivery and thereafter, every 3 minutes until 10 minutes, and then every 5 minutes until arrival to recovery room, and finally, every 10 minutes until discharge from recovery room. Hypotension was defined either as a decrease in any MAP measurement to less than 20% of the base line, or SAP less than 90 mmHg. If Hypotension occurred, it was treated by an anesthesia nurse, who was blinded to the protocol, with 5mg increments of intravenous ephedrine boluses until corrected and intravenous fluid administration simultaneously.

2.4. Outcomes
-------------

The primary outcome of the study was defined as the incidence of hypotension. Secondary outcomes that we compared, included serial changes in blood pressure, nausea or vomiting, HR, and Apgar scores at 1 and 5 min. Nausea and vomiting were treated with metoclopramide. Total dose of ephedrine and metoclopramide was recorded

2.5. Sample size
----------------

The sample size was calculated based on the results of previous studies ([@b1-epj-09-4419], [@b9-epj-09-4419]) by assuming the test power of 80% and a confidence level of 95% and using the following formula: n = (Z~1−α/2~+Z~1−β~)^2^×((P~1~×(1−P~1~)+P~2~×(1−P~2~)) / (P~1~−P~2~)^2^; Where: n = Sample size, Z~1−α/2~ = 1.96 when α = 5% for two-tailed hypothesis, Z~1−β~ = 0.842 when β = 20% (test power = 80%), P = Probability of the main outcome.

2.6. Randomization and blinding
-------------------------------

Patients were divided into treatment mechanical pump (Group M) or control group (Group C) with simple random sampling. Then, the participants in each of the groups were assigned randomly to receive either mechanical pump or control on a 1:1 ratio. Randomization was done by one of the researchers who did not have a role in the treatment of the participants.

2.7. Statistical methods
------------------------

Statistical analyses were performed using SPSS version 19 (SPSS Inc., Chicago, Illinois, USA). The results are expressed as mean ± (SD), median (range) or number (%). p\<0.05 was considered as significant. The comparison of normally distributed continuous variables between the groups was performed using students' T test. Nominal categorical data between the groups were compared using the Chi square. Serial data were analyzed by repeated measures of ANOVA. The incidence of hypotension was compared using the Chi square test.

2.8. Research ethics
--------------------

This research was approved by the Pain Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran (Proposal No. PAIN-9312). In this study, for ethical considerations, the participants were informed about the objective and nature of the study, and each participant provided her written consent in her native language (Persian) prior to the study. Also, we were committed to keeping all of the participants' information confidential.

3. Results
==========

Seventy-six patients were randomly assigned between two groups M and C. Three patients in group M were excluded (one patient because of inadequate spinal block and two patients because severe shivering prevented accurate measurement of blood pressure). Patient characteristics and surgical times were similar between two groups ([Table 1](#t1-epj-09-4419){ref-type="table"}). There is no difference in hypotension between the two groups (p=0.17). The MAP changes were significantly higher in the C group only at the baseline (p\<0.05). In addition, the lowest MAP belonged to the C group in the 35th-minute, and the highest MAP belonged at the baseline in this group. These changes were not statistically significant ([Figure 1](#f1-epj-09-4419){ref-type="fig"}).

The SAP changes were significantly higher in the C group only at the baseline, but at other times, with no significant difference between two groups. In addition, the lowest SAP belonged to the C group in the 3rd- and 15th-minute, and the highest SAP belonged to the C group at the baseline. These changes were not significant. DAP changes were significantly higher in the C group in the baseline and 1st-minute (p\<0.05). These changes were significantly higher in the M group in the 5th-minute. In addition, the lowest DAP belonged to the C group in the 5th- and 35th-minute, and the highest DAP belonged to the C group at the baseline. These changes were not statistically significant ([Figure 1](#f1-epj-09-4419){ref-type="fig"}, [Table 2](#t2-epj-09-4419){ref-type="table"}). Heart rate changes were significantly higher in the M group in the first and third minutes (p\<0.05). In addition, the lowest heart rate belonged to the C group in the third-minute, and the highest heart rate belonged to the M group in the 15th-minute. These changes were not statistically significant ([Figure 2](#f2-epj-09-4419){ref-type="fig"}). The occurrence of nausea (24 patients in the M group versus 48 in the C group, p=0.005) and vomiting (4 patients in the M group versus 68 in the C group, p=0.001) was significantly lower in the M group. The total administered dosage of ephedrine was significantly lower in the M group (median 4.1mg vs. 17.1mg, p=0.001). There was no difference in neonatal Apgar scores at 1 and 5 minutes between groups.

4. Discussion
=============

According to the findings section, hypotension in the pneumatic compression group or M group is not significantly different from the control group, but the administrated dosage of ephedrine was significantly lower in the pneumatic compression group. In addition, the incidence of nausea and vomiting was considerably lower in the pneumatic group and literature review produced almost similar results. For example, Sujata randomly divided 100 pregnant women, undergoing elective C-section under spinal anesthesia, in pneumatic compression and control groups. The protocols of standard pre-surgery fluid therapy and spinal anesthesia were similar in both groups. Hypotension was defined by a systolic pressure drop by more than 20% of the baseline and was cured with 6 mg intravenous bolus ephedrine. The incidence of hypotension was considered as the primary outcome and the median dosage of the administered ephedrine was determined. The hypotension rates were 25.5% and 60% in the treatment and control groups, respectively (p=0.001). This was inconsistent with the findings of our study; however, the median ephedrine dosages in their study were 12 \[0--24\] mg in the treatment group and 0 \[0--12\] mg in the control group (p\<0.001). On the other hand, there was no difference between groups in the time to the onset of hypotension ([@b9-epj-09-4419]), which was almost consistent with our findings. In addition, Adsumelli randomly divided 50 pregnant women, undergoing C-section into two groups of SCD and control, each with 25 subjects. Similarly, a standard fluid therapy method and spinal anesthesia was applied to all patients. Hypotension was defined by a systolic pressure drop by more than 20% of the baseline. The baseline indices of systolic pressure, average blood pressure, diastolic blood pressure, pulse pressure, and heart rate were recorded after spinal block, every minute until the delivery of newborn. Median hypotension drop was observed in 52% of the SCD and 92% of the control groups (p=0.004). There was no significant difference between the two groups in terms of systolic pressure, diastolic pressure, heart rate, and pulse pressure ([@b1-epj-09-4419]). This finding agrees with ours, as the difference was significant only in a few minutes. Bishnu et al. divided 100 pregnant women, undergoing C-section under spinal anesthesia, into SCD and control groups. They then compared the two groups in terms of the rate and duration of hypotension drop, mean dosage of required ephedrine, average amount of blood loss, and sensory block level. In 24% of SCD and 54% of control groups, hypotension drop was significant (p=0.002). The mean dosages of administered ephedrine were 10 mg and 3.15 mg in SCD and control groups, respectively (p=0.008). There was no difference between groups in the time to the onset of hypotension drop. The average blood loss and sensory block level were comparable between the two groups ([@b5-epj-09-4419]).

5. Conclusions
==============

This research showed the suitability of the use of Sequential Compression Device (SCD) in reducing hypotension after spinal anesthesia for cesarean section, also this method can cause reducing vasopressor dosage for increased blood pressure, but the approval of its effectiveness requires repetition of the study with a larger sample size.
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![Serial changes in systolic blood pressure, diastolic blood pressure and mean blood pressure. Data are presented as mean ± SD. SBP: systolic blood pressure, DBP: diastolic blood pressure, MBP: Mean blood pressure. M and C denote treatment mechanical pump group and control group respectively.](EPJ-09-4419-g001){#f1-epj-09-4419}

![Serial changes in heart rate. Data are presented as mean ±SD. Heart rate changes were significantly higher in M group in the first and third minutes (p\<0.05). HR: Heart Rate. M and C denote treatment mechanical pump group and control group respectively.](EPJ-09-4419-g002){#f2-epj-09-4419}

###### 

Patient characteristics and surgical times

  Variables                              Group M (n=35)   Group C(n=38)    *p*-value
  -------------------------------------- ---------------- ---------------- -----------
  Age (yr.)                              30(1.65)         29.5(2.1)        0.65
  Weight (kg)                            65(7.8)          69(8.5)          0.10
  Height (cm)                            155(4.8)         154(5.1)         0.13
  Block height (dermatome)               T5(T4--T6)       T4(T4--T6)       0.94
  Induction to delivery time (min)       25(23.5--27.5)   26(24.3--28.2)   0.89
  Incision to delivery time (min)        7.8(6.5--12)     8.2(6.8--10.2)   0.75
  Uterine incision to delivery time(s)   75(60--85)       82(58--102)      0.60

Values are mean± standard deviation or median

###### 

Hemodynamic changes and Ephedrine requirement

  Variables                                     Group M (n=35)   Group C (n=38)     *p*-value
  --------------------------------------------- ---------------- ------------------ -----------
  Total ephedrine dose (mg)                     4.1(3--5.5)      17.1(13.8--20.4)   0.001
  Incidence of hypotension                      1                3                  0.75
  Minimum recorded SBP (mmhg)                   112(122--112)    109(135--109)      0.06
  Incidence of hypertension                     0(%0)            0(%)               1
  Maximum recorded SBP (mmhg)                   122(112--122)    135(109--135)      0.51
  Minimum recorded DBP (mmhg)                   67(75--67)       61(85--61)         0.87
  Maximum recorded DBP (mmhg)                   75(67--75)       85(61--85)         0.80
  Minimum recorded MBP (mmhg)                   81(81--92)       77(77--93)         0.60
  Maximum recorded MBP (mmhg)                   92(92--81)       93(93--77)         0.90
  Minimum recorded of HR (beats/min)            92(99--92)       88(95--88)         0.90
  Atropine required                             0                0                  1
  Incidence of bradycardia (HR\<50 beats/min)   0                0                  1

Values are median or number (%); HR= (Heart Rate); SBP= (Systolic Blood Pressure); DBP = (Diastolic Blood Pressure)
